Objective: Hypocalcaemia is the most common adverse effect after total thyroidectomy. It recovers in about two-thirds of the patients within the first postoperative month. Little is known, however, about recovery of the parathyroid function (RPF) after this time period. The aim of the present study was to investigate the time to RPF in patients with protracted (>1 month) hypoparathyroidism after total thyroidectomy. Design: Cohort prospective observational study. Methods: Adult patients undergoing total thyroidectomy for goitre or thyroid cancer. Cases with protracted hypoparathyroidism were studied for RPF during the following months. Time to RPF and variables associated with RPF or permanent hypoparathyroidism were recorded. Results: Out of 854 patients undergoing total thyroidectomy, 142 developed protracted hypoparathyroidism. Of these, 36 (4.2% of the entire cohort) developed permanent hypoparathyroidism and 106 recovered: 73 before 6 months, 21 within 6-12 months and 12 after 1 year follow-up. Variables significantly associated with RPF were the number of parathyroid glands remaining in situ (not autografted nor inadvertently resected) and a serum calcium concentration >2.25 mmol/L at one postoperative month. Late RPF (>6 months) was associated with surgery for thyroid cancer. RPF was still possible after one year in patients with four parathyroid glands preserved in situ and serum calcium concentration at one month >2.25 mmol/L. Conclusions: Permanent hypoparathyroidism should not be diagnosed in patients requiring replacement therapy for more than six months, especially if the four parathyroid glands were preserved.
Introduction
Permanent hypoparathyroidism after thyroidectomy represents the last stage of postoperative parathyroid failure. Even though hypoparathyroidism was designated as an orphan disease by the European Commission in 2014 (1) , it is currently considered as the most common permanent complication of total thyroidectomy.
Lorente-Poch et al. (2) defined the different syndromes of postoperative parathyroid failure as follows: (a) postoperative hypocalcaemia: serum calcium concentration <2 mmol/L (<8 mg/dL) within 24 h after thyroidectomy; (b) protracted hypoparathyroidism: lowserum iPTH (<1.4 pmol/L or <13 pg/mL) and need for calcium and vitamin D replacement at 4-6 weeks after surgery; (c) permanent hypoparathyroidism: low-serum iPTH and need for calcium and vitamin D replacement 1 year after total thyroidectomy.
There is, however, a lack of consensus regarding the follow-up period necessary to make a firm diagnosis of permanent hypoparathyroidism. The European Guidelines (3) define permanent hypoparathyroidism as a low-serum iPTH concentration and/or need for replacement therapy after six postoperative months, whereas the American Association of Clinical Endocrinologists (4) extends the follow-up period to one year. In fact, there is little empirical evidence to establish the follow-up time required to confirm the definitive loss of the parathyroid function after thyroidectomy. The issue has clinical relevance since a diagnosis of permanent hypoparathyroidism implies lifelong medical treatment, imposes an economical burden and may impact on the quality of life (5, 6) .
Most studies on the recovery of the parathyroid function (RPF) after thyroidectomy are limited in sample size and/or report a short observation time after surgery (7, 8, 9) . Some anecdotal reports (10) have shown that RPF may take place more than one year after thyroidectomy.
The aim of this study was to determine the prevalence and timing of RPF in patients with protracted postsurgical hypoparathyroidism and to identify variables associated with delayed (>6 months) RPF.
Subjects and methods

Study design
This was an observational prospective cohort study of consecutive patients undergoing total thyroidectomy for benign goitre or thyroid malignancy at the Endocrine Surgery Unit of the Hospital del Mar (Barcelona, Spain), a tertiary referral centre for endocrine surgery, between 2000 and 2014 where only a single experienced team performs thyroid surgery. A retrospective chart review of a prospectively maintained database was carried out. Eligibility criteria were adult patients (≥18 year/old) undergoing first-time total thyroidectomy for either multinodular goitre or thyroid cancer. Exclusion criteria were associated parathyroidectomy, Dunhill or subtotal thyroidectomies (performed for asymmetrical goitre or Graves' disease), completion thyroidectomies and surgery for recurrent benign or malignant disease. The main outcome variables of the study were the prevalence of permanent hypoparathyroidism and the time to RPF. The secondary endpoint was to investigate factors influencing early (≤6 months) or late (>6 months) RPF. Consent to use anonymized data for clinical research was obtained together with the informed consent for thyroidectomy.
Surgical technique
All patients underwent total extracapsular thyroidectomy. Central compartment node dissection was performed in patients diagnosed with papillary or medullary thyroid cancer and selective modified radical lateral neck dissection was performed as clinically indicated.
Parathyroid glands were sought in their usual position. No effort was made to identify parathyroid glands located in non-orthotopic places. In all patients, identification of parathyroid glands was based solely on visual macroscopic features. Parathyroid glands that could not be preserved in situ were chopped into 1 mm 3 fragments and autotransplanted into several pockets into the ipsilateral sternocleidomastoid muscle. (11) The number of parathyroid glands remaining in situ (PGRIS, not transplanted nor resected inadvertently) was calculated as previously reported (12) and patients were classified accordingly (PGRIS score 1-4).
Data acquisition
The following preoperative data were obtained: gender, age, clinical diagnosis, serum calcium and thyroid function tests. After histopathologic analysis, specimen weight, number of resected lymph nodes (if central or lateral neck compartment dissection was performed) and presence of parathyroid glands in the specimen were obtained. The following postoperative variables were recorded: serum calcium and iPTH concentration at 24 h, calcium and calcitriol dosage at discharge and iPTH, serum calcium, serum phosphate and thyroid function tests at 4-6 weeks after surgery and regularly thereafter in patients with protracted hypoparathyroidism.
Serum iPTH levels were determined using either an immunoradiometric second-generation assay using an iPTH IRMA assay (Scantibodies Laboratory, Santee, CA, USA) or a solid-phase, two-site chemiluminescent enzyme-labelled assay, IMMULITE 2000 Intact PTH assay (Siemens Healthcare Diagnostics Spain, Madrid, Spain). The normal range was 1.4-7.5 pmol/L and the detection limit was 0.4 pmol/L.
Patient management and follow-up
Serum calcium and iPTH concentrations were determined 24 h after surgery. Replacement therapy was prescribed only to patients with hypocalcaemia (s-Ca < 2 mmol/L at 24 h) in the form of 1.5-3 g/day of calcium carbonate and 0.5-1.5 µg/day of calcitriol at the time of hospital discharge according to body weight and severity of hypocalcaemia. They were followed thereafter in the outpatient clinic until RPF or permanent hypoparathyroidism was diagnosed. RPF was defined as a normal value for iPTH in asymptomatic patients not requiring replacement therapy. Permanent hypoparathyroidism was diagnosed if serum iPTH was low (<1.4 pmol/L) or undetectable at the last follow-up visit and replacement therapy was still required. Specifically, patients with protracted hypoparathyroidism at one postoperative month were followed indefinitely until RPF or permanent hypoparathyroidism was diagnosed. Weaning off replacement therapy after one month was initiated when serum calcium concentration was ≥2.60 mmol/L and/or iPTH became detectable or showing a sustained increase.
Statistical analysis
Descriptive statistics were used to analyse the prevalence and characteristics of patients developing protracted hypoparathyroidism. A univariate analysis was performed comparing patients who recovered or did not recover from protracted hypoparathyroidism, and those who recovered before or after six months. The Kolmogorov-Smirnov test was used to assess the normal distribution of quantitative variables. Continuous and normally distributed variables are expressed as mean ± s.d. and compared using Student's t-test for unpaired samples. Non-normally distributed variables are expressed as mean ± s.e.m. and compared using the Mann-Whitney U test. Dichotomous variables were compared using the χ 2 or Fisher's exact test as appropriate.
Binomial logistic regression analysis with predictors selected by a forward stepwise procedure was used to assess the risk factors for permanent hypoparathyroidism. Time to RPF was analysed using Kaplan-Meier survival curves and groups compared with the Log Rank (MantelCox) test. The statistical analysis was carried out using SPSS version 22.0 (IBM). Statistical significance was set at P < 0.05.
Results Figure 1 shows the flow chart of patients included in the study. Some 188 patients had thyroid cancer and of those, 115 (61%) received ablative radioiodine therapy between three and six months after thyroidectomy. From the initial cohort, 142 patients with protracted hypoparathyroidism (21M, 121F) were investigated. Of these, 106 patients (75%) recovered the parathyroid function during follow-up and 36 (25%) were diagnosed with permanent hypoparathyroidism. RPF took place within six months in 73/106 patients (69%), between six and twelve months in 21/106 (20%) and beyond this time period in 12/106 (11%) patients.
Outcome of parathyroid function after protracted hypoparathyroidism Table 1 shows the differences between patients who recovered or did not recover from protracted hypoparathyroidism. There was no difference in RPF between patients operated on for benign or malignant disease. The PGRIS score was significantly better in patients recovering the parathyroid function. No early biochemical parameter was predictive of the long-term parathyroid function. At one postoperative month, however, both normal-high serum calcium and detectable iPTH serum concentrations were associated with a higher proportion of RPF. Calcium and calcitriol dosages at the time of hospital discharge were higher (and significant for calcium) in patients with RPF. Serum calcium concentration at one month, however, did not correlate with the amount of replacement therapy. The multivariate analysis (Table 2) identified that the relevant independent variables predicting RPF were PGRIS score, serum calcium level at 1 month and a detectable iPTH (0.4-1.4 pmol/L) at 1 month.
Early vs late RPF
Thyroidectomy for cancer was the only significant clinical variable associated with RPF after six months (Table 3) . This was independent of the PGRIS score and serum calcium and iPTH concentrations at 1 month. Patients recovering early had a better biochemical profile at one month suggesting a less severe parathyroid injury in this subgroup.
In agreement with this, final iPTH concentrations were higher in patients recovering within six months. Time to RPF or to diagnosis of permanent hypoparathyroidism is shown in Fig. 2 . About two-thirds of the patients showed an early RPF (<6 months) but onethird recovered after six months. Factors significantly favouring an early RPF were a detectable iPTH and a serum calcium concentration >2.25 mmol/L at 1 month.
The different PGRIS groups had a rather parallel RPF rates during the first six months. Only the PGRIS 3 and 4 groups, however, had some chances of late RPF. No patient in the PGRIS 1-2 group recovered beyond one year (Fig. 2D) . The relationship between serum calcium and iPTH concentrations at one month in 142 patients with protracted hypoparathyroidism is shown in Fig. 3 . No correlation was found between these two variables for any of the three groups of patients. Sixteen patients had a serum calcium concentration ≥2.62 mmol/L associated with low or undetectable iPTH concentration. Of these, 10 recovered within six months (mean: 108 ± 52 days, range 49-140 days), 4 after six months and 2 developed permanent hypoparathyroidism. In these 10 patients with an early RPF, an inverse correlation was found between serum calcium and days to RPF (R 2 = 0.55;
Discussion
The definition of permanent hypoparathyroidism after total thyroidectomy is still under scrutiny since the timing of RPF and the variables that influence it are poorly understood. Data are accumulating to indicate that RPF is a dynamic process which may occur long after thyroidectomy. (4, 8, 13) Evidence presented here confirms that a prolonged follow-up is essential before a diagnosis of permanent hypoparathyroidism can be made with certainty. A follow-up postoperative period of just six months may lead to overdiagnosis and overtreatment of this condition in as much as one-third of the patients with protracted hypoparathyroidism (5). Two previous reports have presented evidence for long-term (>6 months) RPF. Kim et al. (10) studied a cohort of 1467 total thyroidectomy patients for thyroid cancer; 22 patients (1.8%) developed 'permanent' hypoparathyroidism, but five of these showed longterm RPF after a mean of 30 months. Factors associated with these late RPFs were not investigated. Ritter et al. (7) followed 1054 patients after total thyroidectomy, of whom 18% had transient hypoparathyroidism; 70% of the patients recovered within 2 months, 5% recovered between 6 and 12 months and 1.9% showed permanent hypoparathyroidism. This study, however, had a short follow-up (≤1 year); transient hypocalcaemia and protracted hypoparathyroidism patients were studied as a single group, and used a vague hypoparathyroidism definition (PTH <10 pg/mL after surgery). A recent report (8) on factors that positively influence the RPF in patients with postoperative hypocalcaemia identified preoperative iPTH concentration of >5 pmol/L and a <88% drop after thyroidectomy as variables favouring early RPF. The authors suggest that these findings reflect both a better preoperative baseline parathyroid function and lesser degree of intraoperative parathyroid gland injury. They did not report, however, on the technical issues that influence the prevalence of postoperative hypocalcaemia and the RPF such as the extension of surgery, inadvertent parathyroidectomy (14) or autotransplantation rates.
The fact that RPF is a lengthy and dynamic process is further emphasized by the inability of early biochemical variables to predict permanent hypoparathyroidism. Immediate postoperative low/undetectable iPTH serum concentration is a good marker for the development of postoperative hypocalcaemia; its ability to predict protracted or permanent hypoparathyroidism, however, is very limited (13, 15, 16, 17) .
The present study sheds new light on factors influencing timing to RPF. From a clinical standpoint, early RPF was more common if thyroidectomy had been performed for multinodular goitre and this was independent of the PGRIS score and the metabolic parameters, suggesting that RPF may be impaired and/or delayed by treatment with radioiodine. Guven et al. (18) investigated the parathyroid function at baseline and at several time intervals after high-dose radioiodine ablation (100-150 mCi) in 19 patients after total thyroidectomy for differentiated thyroid cancer. Their study showed a 25% transient decline in iPTH concentrations around the sixth month after radioiodine treatment. This did not cause symptomatic hypocalcaemia but the authors suggest that radioiodine treatment in patients with a limited parathyroid reserve may well lead to parathyroid insufficiency. The possibility that radioiodine may interfere with the RPF deserves further research.
From the endocrine point of view, patients with low but detectable iPTH serum concentration at one month (0.4 < iPTH < 1.4 pmol/L) recovered in greater proportion and faster than those with undetectable iPTH. RPF in patients with undetectable iPTH concentration depends more heavily on other variables such as PGRIS and a serum calcium concentration at one month ≥2.25 mmol/L. The latter positively influences RPF after protracted hypoparathyroidism and allows some hope for patients with hypoparathyroidism lasting for one year. We have hypothesized that the favourable prognostic value of high-normal calcium concentration during the first weeks of postoperative parathyroid failure may be due to a parathyroid splinting effect (19) , which holds that serum calcium concentrations in the upper normal range put at rest the injured/ischaemic parathyroid glands efforts to preserve the parathyroid glands in situ avoiding autotransplantation, inadvertent parathyroidectomy and thymectomy (12, 14, 20, 21, 22, 23) . A limitation of the study is that 10% of the patients with postoperative hypocalcaemia were lost to follow-up before the final parathyroid status could be assessed. Our unit serves a geographical area that hosts a considerable proportion of mobile migrant population. We cautiously infer that most of the patients not coming back after the first postoperative visit at one week did not develop longterm calcium metabolism disturbances.
In conclusion, it is suggested that the average patient with hypocalcaemia after total thyroidectomy should be discharged on calcium and calcitriol to maintain serum calcium concentrations of at least 2.25 mmol/L during the first weeks. If he or she cannot be weaned off within the first month, RPF will mostly depend on the serum calcium concentrations achieved, PGRIS and whether iPTH is detectable or not. Permanent hypoparathyroidism should not be diagnosed if replacement therapy is still required six months after thyroidectomy, since up to one-third of the patients will recover beyond this time period and a few ones even after one year. Candidates for late RPF are those patients operated on for thyroid cancer in whom three or four glands were preserved in situ, with undetectable iPTH and serum calcium concentration in the normal upper range one month after total thyroidectomy. 
